A graphene (Gr) decorated platinum/n-silicon (Pt/Si) sensor was put forward to detect hydroquinone (HQ) and catechol (CC) in a photoelectron chemical (PEC) way. Platinum film was coated on the polished side of the n-silicon wafer by vacuum evaporation and then Hummer method prepared graphene was used to decorate the Pt/Si wafer to build a Gr-Pt/Si PEC sensor. The morphology of the GrPt/Si was characterized by SEM and the modified graphene was characterized by FTIR. The photoelectric properties of the Gr-Pt/Si were studied by semi-log currentvoltage (logI-V) and photo response measurements. The suggested sensor was used to detect HQ and CC in a linear range of 10-300 μM with a detection limit of 1.9μMand 2.4 μM(S/N=3), respectively.
INTRODUCTION
Hydroquinone (HQ) and catechol (CC), as phenol compound pollutants, are toxic for many organisms in the environment even at very low concentration [1] . It has long been recognized that the absorption of phenol may cause some disease like renal tube degeneration and liver function decrease [2] . However, dihydroxybenzene are still in mass production as chemical raw materials for the huge demand in industrial production, such as lithography, dyes, plastics, pharmaceuticals and pesticides [3] . Thus, monitoring overdosed dihydroxybenzene in environment water has become an urgent task in recent years. Traditionally, electrochemical methods are often used in dihydroxybenzene detection for the advantage of high efficiency, low cost and ease of use [4, 5] . In recent years, photo electrochemical (PEC) analysis developed very fast for the advantages of low background signal, rapid measurement speed and ease of miniaturization [6, 7] .
To build a PEC sensor, it is essential to select a suitable PEC material to provide energy translated from light. Silicon, a traditional semiconductor that has been industrialized and commercialized for decades, is ease of obtain by purchase with inexpensive price. Based on silicon substrate, we have developed several PEC sensors based on silicon substrate by appropriate modification, such as by transition elements ferricyanide and oxyhydroxide [8, 9] . In this work, we report a PEC sensor based on platinum film coated phosphorus doped silicon (n-Si) wafer with simple graphene modification for detection of HQ and CC. This PEC sensor is independent of outer power supply, works under illumination a 5 W white LED or the sunlight in sunny days in a two-electrode system with a graphite counter electrode, demonstrating good portability and adaptation in application.
EXPERIMENTAL
Single side polished (111)-oriented silicon wafers (n-Si) with resistance of 3-5 Ω cm were purchased from Semiconductor Materials Plant, Shanghai Nonferrous Metal Institute. High purity platinum (Pt) wire (>99.99%) were purchased from Shanghai Chemical Reagent Station. A DM220 high vacuum system (Shanghai Optical Electron Company, China) was used to evaporate Pt film on the polished side of n-Si wafers. Graphene was prepared by Hummer method as described in [9] and was dispersed in N, N-dimethylamide (DMF) in concentration of 5.0 mg·mL-1 before being dipped on the Pt/Si surface. After dried in N2 at 333K for 90 min, the graphene modified Pt/Si sensor was achieved and was referred to as Gr-Pt/Si herein. Hydroquinone (HQ), catechol (CC), KCl, DMF, Na2HPO4 and NaH2PO4 were purchased from Aladdin Industrial Corporation Company. Phosphate buffer solution (PBS, pH=7.0) used in the experiment consists of 0.1 M Na2HPO4, 0.1 M NaH2PO4 and 0.2 M KCl. All the chemicals were of analytical grade and were used without further purification.
The morphology of the Gr-Pt/Si was observed using a Quanta 250FEG SEM and the modified graphene was analyzed with a Nicolet 5700 FTIR spectrum. Electrochemical measurements were carried out on a LK2005 electrochemical workstation (Lanlike Company, Tianjin, China) in pH=7 PBS solution in a twoelectrode system at zero bias voltage with illumination by a 5 W white LED light. Photocurrent responses on the Gr-Pt/Si electrode to successive addition of 10 μM, 10 μM, 20 μM, 20 μM, 40 μM, 40 μM, 80 μM and 80 μM HQ and CC were recorded to obtain the photocurrent curves. The anti-interference property of the GrPt/Sisensor was evaluated against common pollutants such as Cu2+, Pd2+, Lcysteine, glucose and uric acid in detection of HQ and CC.
RESULTS AND DISCUSSION

Characterization of the Gr-Pt/Si
The surface morphology of Gr-Pt/Si was depicted in Fig. 1A . It can be seen that the electrode surface was covered by flake shaped graphene. The huge specific surface area of the graphene is to the benefit of adsorption of HQ and CC. Fig. 1B shows the FTIR spectrum of the modified graphene on the electrode. The strong wide band centered at 3300 cm-1 in the FTIR spectrum is corresponded to the stretching vibration of the associated O-H bond (νO-H) in carboxyl group (-COOH). The flexural vibration of O-H bond (δO-H) and the stretching vibration of C=O bond (νC=O) in the carboxyl group peaks appear at 1410 cm-1 and 1735 cm-1 in the spectrum, respectively. It can be expected that the modification of graphene with electroactive carboxyl groups may facilitate charges and reactants interchanges in electrochemical reactions on the Gr-Pt/Si. Fig. 2A shows the semi-log current-voltage (log I-V) graphics measurements of the Gr-Pt/Siin light and in dark. It can be seen, a discrimination of in dark and in light from the log I-V characteristics is obvious. When exposed to light, electron−hole pairs generate in silicon wafers. They may recombine inside the wafer or can be introduced to the surface of the electrodes to reaction with analytes in solution to produce current signals which can be used to characterize the concentration of the analytes. In most cases, the currents are too weak to be detected for the poor electron-hole separation efficiency. However, with a Pt film coating on the n-Si, there is a static electric field build between the Pt film and the n-Si wafer, owing to the different electronic work functions between n-Si and Pt. Therefore, the photon-generated electrons and holes are separated by the electric field to the Si and the Pt side, respectively, and thus measureable current signals can be obtained. The Gr-Pt/Si exhibited rectifying properties with weak voltage dependence of the forward bias current and an exponential increase of the reverse bias current as shown in Fig. 2A , which are the characteristic properties of the rectifying interface [10] . Fig. 2B shows the light on-off transient photocurrents and photovoltage plots. It is clear that the Gr-Pt/Si is sensitive to the light. The photocurrent reaches1000 μA and the photovoltage reaches 0.27 V in the illumination of a 5 W white LED light, demonstrating good photoelectric conversion property of the Gr-Pt/Si electrode. 
Performance of the Gr-SiNWs-Si/PtSensor in Detection of HQ and CC
To estimate the PEC performance of Gr-Pt/Sielectrode in sensing of HQ, a twoelectrode system was built with a graphite electrode as the counter electrode at zero bias in pH 7 PBS solution. Photocurrents of the HQ and CC reaction on the Gr-Pt/Si were recorded as the function of the HQ and CC concentration with the illumination of a 5 W white LED light. Fig. 3A and Fig. 3Bdepicts the photocurrents curve of HQ reaction on the Gr-Pt/Si and the plot of the photocurrent as a function of HQ concentration, respectively. The results illuminate good linear relationship (R2=0.998) of photocurrent response to HQ concentration. The sensitivity of GrPt/Si to HQ can be obtained from the slope of the linear fitting plot to be 0.0178 μA/μM and the detection limit can be estimated to be 1.9 μM according to the S/N=3 criterion suggested by IUPAC [11] . Similarly, the photocurrents curve of CC reaction on the Gr-Pt/Si and the plot of the photocurrent as a function of CC concentration was shown in Fig. 3C and Fig. 3D , respectively. The sensitivity of GrPt/Si to CC can be obtained to be 0.0146 μA/μM and the detection limit can be estimated to be 2.4 μM.
The anti-interference performance of the Gr-Pt/Si was evaluated against common pollutants including Cu2+, Pd2+, L-cysteine, glucose and uric acid and the results was shown in Fig. 4 . As can be seen, all the tested interferents have no interference to the sensor in the HQ and CC detection, demonstrating a good selectivity to most interferents in environment water. 
